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ABSTRACT

A pot experiment was conducted to evaluate the response of two chickpea varieties to water
stress at the College of Agriculture campus, Hawassa University under greenhouse from
January to June 2017. Three water stress levels i.e. without stress (control), vegetative water
stress and seed filling water stress were assigned as main plot, chickpea varieties Habru
(Kabuli type) and Mastewal (Desi type). The treatments were laid in split plot design with
four replications. The results showed that water stress significantly affected all parameters
studied in this experiment. The seed filling water stress resulted greater reductions in the
value of all tested parameters studied compared to optimum watering and vegetative stress
except number of primary branches and harvesting index, which were significantly lower
under vegetative water stress. As well, the two varieties significantly differed for all observed
parameters except number of nodules per plant and nodule dry weight. Days to flowering,
pod maturity, number of pods per plant, number of seeds per pod and harvest index were
significantly higher for Mastewal variety while, plant height, number of primary branches,
number of secondary branches, dry biomass, seed yield per plant, hundred seed weight and
root dry weight were greater for Habru variety. Days to flowering, plant height, seed yield
per plant, hundred seed weight, number of pods per plant and harvest index were
significantly affected (p<0.05) due to all two way interactions. Water management schemes
that ensure to avoid especially terminal water stress could help to maintain chickpea
production, which is usually grown with residual moisture by the majority of Ethiopian
farmers. Given the fact that the results are obtained from a pot experiment there is a need to
substantiate the findings with field experiments conducted under contrasting moisture
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environments.
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Introduction

Drought stress, absence of appropriate fertilizer
use and limited application of other
recommended crop production packages of
chickpea are the main contributors for low yield.
Therefore, there is an opportunity to increase
chickpea productivity per unit area in the region

through introduction of appropriate and
affordable technologies that include appropriate
fertilizer formulations, inoculation and

identification of relatively better yielding varieties
(Kabuli and Desi) under water stress conditions.

Water deficit is a major constraint, which reduces
the productivity of crops. It is known that
chickpea thrives well under drought conditions.
However, there is a greater variability in yield
performances of different chickpea genotypes

under water stress. Attempts to measure the
degree of tolerance with a single parameter are
limited because of the multiplicity of the factors
and their interactive contribution to drought
tolerance under field conditions (Paramesh and
Salimath, 2008).

In the Southern Ethiopia, chickpea is sown as a
double crop in early September after harvesting
the principal crops. As a result, chickpea is
essentially grown on residual soil water, which
often exposes the crop to terminal drought and
soil nutrient deficiency during its active growth
period (Anbessa and Bejiga, 2002).

Water deficit during late vegetative and
reproductive stages is one of the limiting factors
for production of this crop in the region. The
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severity of water stress varies from year to year,
depending on the amount and distribution of
rainfall. Supplementary irrigations at critical
stages of crop growth and development can
improve chickpea yield substantially (Soltani et
al., 2001). However, this requires knowledge on
the relative sensitivity and associated yield
penalties on the crop when exposed to drought at
different phases. Chickpea yields are low in the
Southern Ethiopia especially in Meskan district.
It is essential to generate adequate information
by studying the response of chickpea types to
water deficit in order to understand and prepare
optimum agronomic packages. Therefore, this
study was initiated with the following objectives:

o To determine the critical stage of chickpea
crop for water stress.

¢ To study the effects of water deficit on the
yield and yield components, and other
important agronomic traits of Desi and
Kabuli chickpea varieties.

Materials and Methods

Description of experimental site

A pot experiment was conducted at Hawassa
University, College of Agriculture, SNNPR's,
Ethiopia at 07°3'N and 038°28'E, and at 1708
masl. The soil was collected from Meskan district
chickpea producing farms. Meskan is one of the
districts in Guraghe Zone and located between
7.99-8.28°N latitude, 38.26-38.58°E longitude
and 1501-3500 masl altitude. The area receives
annual rainfall of 1062.3 mm and has average
annual temperature of 17.4°C.

Treatments and experimental design

Treatments comprised of three factors: namely
three water stress levels (without stress (control),
stress at mid vegetative stage and stress at seed
filling stage by withhelding irrigation until total
available water arrive at 25%). Mastewal (Dessi)
and Habru (Kabuli) improved chickpea varieties,
which were released by DBARC/ARARI in 2006,
and DARC/EIAR in 2004, respectively, were used
for the study. They are selected because of their
high yield, and higher price in export markets.
Moreover, these varieties were identified as best
performing in the study area through
participatory variety selection (Sheleme et al.,
2013).

The treatments were arranged in a split-plot
design to avoid contamination during watering
with four replications, in which water stress
treatments were allocated in the main plot,
chickpea variety treatments as the sub plots.
From four replications, one randomly selected
replication was used for root and nodule data
collections.

The pots were arranged with a distance of 20 cm
between pots and 40 cm between blocks.
Blocking was done north to south direction in
order to avoid radiation gradient, which is a
driving force for evapotranspiration. Random soil
samples (0-30 cm) collected by auger from five
selected chickpea growing farms were
composited. Plastic pots having 24 ¢cm diameter
and 23 cm height with 10 liters capacity were
used. Each pot was filled with 10 kg of soil. Five
seeds of chickpea inoculated with CP7 Rhizobium
strain from Holleta Agricultural Research Center
at the rate of 0.5 kg ha* were planted in each pot.
After germination, seedlings were thinned out to
three in each pot. DAP fertilizer was applied by
using bottle cork as side band at the double rate
of 100 kg ha-*. Because plants grown in pots meet
their nutrient requirement from confined soil
mass only, while plants grown in fields draw
nutrients from all sides and deeper layers
(subsoils) without any barrier or hindrance. So,
potted plants need almost double the dose of
applied fertilizer nutrients (compared to those
grown in fields) for normal growth (Kundu et al.,
1996). Therefore, each pot received 1.8 g DAP by
calculating on plant basis.

Water management procedures

All pots were well watered until the beginning of
water stress treatments. The water application
was done by measuring the soil moisture content
using soil moisture meter (Delta-T-Device, Model
HH2), which was installed at 12 cm depth in the
pots. The reading was displayed in volumetric
water content. For control group soil water in
each pot was maintained throughout around field
capacity. The amount of water applied was
calculated based on water deficit (root zone
depletion) as explained by FAO (2012) (Equation
1). Graduated cylinder was used to measure the
amount of water applied.

DY=WTfC —WTleeeererueeirereruiserescraecssncnens (1)
Where,

Dr = root zone depletion (mm), Wr(fc) = soil
water content of the root zone at field capacity
(mm), Wr(t) = soil water content of the root zone
expressed as depth (mm).

TAW = 1000 (fC — PWP) Z ccevrrerrenencerennnees (2)
Where,
TAW = total available water (%), fc = field

capacity (%), pwp (%) = permanent wilting point
and z = pot height (cm).

One day before starting the treatments, soil
moisture in each pot was maintained to field
capacity so that the soil moisture at each pot was
uniform. When the fourth multifoliate leaf has
unfolded from the stem, the irrigation was
completely withheld for vegetative stress
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treatments until the moisture content of the soil
arrived at 25% of TAW. It took 16 days to reach
25% of TAW. Then normal irrigation was applied.
When chickpea produce early seed (seed in any
single pod fill the pod cavity), water application
was withheld for seed filling water stress. To
arrive at 25% of TAW, it took only 14 days.

Measurements and statistical analysis

Morphological and agronomic data (Plant height
(PH), number of primary branches (NPB),
number of secondary branches (NSB), dry bio
mass (DM)), root and nodule parameters (number
of nodules per plant (NNPP), nodule dry weight
(NDW) and root dry weight (RDW)) were
collected.

Also at harvest, plant yield and yield component
data (number of pods per plant (NPPP), number
of seeds per pod (NSPP), seed weight per plant
(SWPP), hundred seed weight (HSW)) were
collected. Harvest index (HI) was calculated as the
ratio of seed dry weight to total crop dry weight.

Drought intensity index

It was computed to compare the severity of stress
between vegetative and seed filling stage (Fischer
and Maurer, 1978).

DII = 1-(YsYp)

Where, DII = drought intensity index, Ys =
average yield under water stress condition and Yp
= average yield under optimum watering,.

Drought resistance index

It was computed to identify a variety that
performed well under stress and normal
condition (Hall, 1993).

DRI = Ysix(YsiYpi)Ys
Where,

DRI = drought resistance index, Ysi = yield under
stress condition, Ypi = yield under optimum
condition, Yp = average yield under water stress
condition.

Statistical analysis

The analysis of variance was carried out using
statistical packages and procedures appropriate to
split plot treatment design using SAS Computer
Software. Mean separation was carried out by
using least significance difference (LSD) at 5%
probability level.

Results and Discussion
Weather data

Daily maximum and minimum air temperatures
ranged between 37.64°C and 14.75°C, respectively
(Fig.1). During flowering stage, average daily
temperature was relatively high. As a result,
number of pods per plant was reduced due to
flower abortion by high temperature.
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Fig. 1. Monthly mean minimum and maximum temperature (°C) data of the greenhouse.

MAX.T. = maximum temperature; MIN.T. = minimum temperature and AVE.T. = average temperature. The

crop growth period was January to June 2017.
Phenological parameters

Both water stress and variety had statistically
significant (p<0.05) effect on days to flowering
and pod maturity in chickpea. Vegetative water
stress significantly increased (54 days) the days to
flowering compared to optimum watering (37
days) (Table 1). Delayed in days to flowering with
water stress at vegetative stage might be due to

absence of enough water for cell differentiation at
the shoot apical meristem. This is in agreement
with Saxena et al. (1993) who reported that
abiotic stress, particularly drought and thermal,
delay the chickpea flowering phase. Hughes et al.
(1987) also suggested that the exposure of the
culture to water stress shortens its biological cycle
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Relatively early pod maturity (98 days) was
recorded in plants under seed filling stress
compared to optimum water application (110
days) and vegetative stress (112 days) (Table 1).
This result is in agreement with that of Kamel et
al. (2012) who found that vegetative water stress
significantly delays days to pod maturity as
compared to optimum water applications. Longer

period to flowering and to pod maturity was
recorded in the Desi (Mastewal) chickpea
compared to Kabuli (Habru) (Table 1). The
results are supported by the results of Sheleme et
al. (2013) who reported that the time to both
flowering and pod maturity in Mastewal was
longer than Habru.

Table 1. Main effects of water stress and variety on some phenological and growth parameters of

chickpea.

Treatments DTF DPM PH NPB NSB DBM
(days) (days) (cm) (g plant)

Stress
OPT 37.23b 110.26b 44.23a 5.43a 6.13a 31.02a
VS 54.23a 112.33a 39.56b 3.96¢C 4.03b 25.69b
SFS e 97.90cC 39.80b 4.30b 4.56b 20.00¢C
LSD (0.05 0.38 0.70 0.64 0.32 0.54 0.70
CV (%) 26.11 13.81 5.36 11.66 58.52 3.46
Variety
MAS 49.03a 111.71a 37.93b 4.04b 4.68b 23.55b
HAB 42.43b 101.95b 44.46a 5.08a 5.13a 27.590a
LSD (0.05) 0.31 0.57 0.52 0.26 0.44 0.57
CV (%) 21.88 21.08 4.13 17.43 19.67 9.27

Means with the same letters are not significantly different; LSD = Least significance difference; DTF = days to
flowering; DPM = pod maturity; PH = plant height; NPB = number of primary branch; NSB = number of

secondary branch.

In combinations of water stress with variety the
longest duration (56 days) of flowering was
observed in Mastewal variety with vegetative
stress. However, the shortest duration (32 days)
was observed in Habru variety with optimum
watering.

Growth parameters

Plant height, primary and secondary branches
were significantly affected by the main effects of
water stress and variety as well as their two way
interactions. Mastewal was significantly shorter
in plant height and minimum in both primary
and secondary branches than Habru (Table 1).
And also both vegetative and seed filling water
stress treatments significantly reduced plant
height in Habru and Mastewal variety. This might
be due to decrease in cell division and cell
enlargement under water stress (Manivannan et
al., 2007). In agreement with this, Yaqoob et al.
(2012) suggested that moisture stress at
vegetative stage being harmful and detrimental in
the most critical stage for screening chickpea
germplasm under drought prone conditions.
Shamsi et al. (2010) also found that vegetative
water stress in chickpea reduced plant height and
branch productions significantly. Similar result
was given in soybean (Mustapha et al., 2014).

Dry Biomass

Results of the analysis of variance revealed that
water stress had significant effect on above
ground dry weights of the plants. Optimum water
application treatment significantly increased dry
biomass per plant (31.02 g) as compared to both
vegetative (25.69 g) and seed filling water stress
treatments (20.01) (Table 1). This is in agreement
with the results reported by Bakhsh et al. (2007)
where 36% increase in total dry weight was
obtained due to irrigation. The dry biomass
reduction in water stressed pots could be
attributed to lower CO, accumulation in
biochemical reactions of photosynthesis and
therefore to lower carbohydrates production
(Hopkins and Huners, 2009; Pots et al., 2008).

Similarly, significant (p<0.05) variation was
observed due to differences between chickpea
varieties. Habru variety resulted in the highest
dry biomass (27.59 g), while lower amount (23.55
g) was recorded from Mastewal (Table 1). This is
in agreement with Randhawa et al. (2014) who
reported that there is genotypic variation in
chickpea dry matter production.

Yield and yield components of chickpea

Results of the analysis of variance for number of
pods per plant, seed yield per plant, hundred seed
weight revealed that the main effects of water
stress and variety as well as their interaction were
significant.
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Optimum water application produced
significantly the highest number of pods per
plant, while lowest number of pods per plant was
observed under seed-filling water stress (Table 2).
This is in agreement with Cyrus et al. (2011)
reported that optimum watering treatment had
the highest (40) number of pods per plant and
the severe water stress treatment had the lowest
number of pods per plant (12). Similarly, Alla et

<

al. (2015) showed significantly (p 0.001)
decreasing number of pods per plant with the
increase in water deficit. Shaban et al. (2012) and
Gwathmey and Hall (1992) reported similar
results. The significant reduction in number of
harvested pods per plant under drought stress
might be attributed to the abscission of the
reproductive structures.

Table 2. Main effects of water stress and variety on yield and yield components of chickpea.

Treatments NPPP SYPP
(8
Stress
OPT 43.73a 10.57a
VS 39.10b 8.33b
SFS 35.73¢C 7.06¢C
LSD (0.05 0.78 0.22
CV (%) 4.08 7.89
Variety
MAS 41.66a 8.36b
HAB 37.37b 8.94a
LSD (0.05 0.64 0.18
CV (%) 3.94 4.43

HI HSW NSPP
(8
0.342b 20.37a 1.35a
0.328¢ 16.90b 1.18b
0.358a 12.23¢C 1.26b
0.0093 0.33 0.10
6.66 5.79 12.06
0.358a 14.89b 1.44a
0.326b 18.11a 1.09b
0.0076 0.27 0.08
5.26 3.81 8.49

Means with the same letters are not significantly different; LSD = Least significance difference; DTF = days to

flowering; DPM = pod maturity; PH = plant height;

secondary branch.

The number of pods per plant in the Mastewal
variety was 10.29% more than that of Habru
variety (Table 2) indicating the varietal
differences in producing pods. This is in line with
the report of Sheleme et al. (2013) which
indicated that number of pod per plant in the
Mastewal variety produced 21.32% higher over
Habru variety.

In the interaction effects of water stress with
variety, Mastewal with optimum watering
produced the maximum number of pods per
plant, while Habru and Mastewal with vegetative
water stress produced smaller number of pods
per plant. Similar result was reported by Shaban
et al. (2012).

The results showed that under non water-stressed
conditions chickpea varieties significantly gave
better seed yield than under water-stressed
conditions of both stages. For instance, the lowest
seed yield per plant (10.26 g) was recorded from
seed filling water stress. It decreases the seed
yield per plant by 38.85% and 23.66% compared
to optimum water applications and vegetative
water stress respectively (Table 2). The current
study is in agreement with Leport et al. (1999)
who reported that water stress during flowering
and grain filling caused 50-80% reductions in
grain yield due to restrictions in photosynthesis.
Chickpea is more sensitive to water stress during
reproductive stages and consequently experiences
substantial yield loss (Turner et al., 2001; Nayyar
et al., 2005). Ghassemi- Golezani et al. (2012)
also reported that drought stress at grain filling
stage reduced grain yield by up to 50% in

NPB = number of primary branch; NSB = number of

chickpea. Reduction in grain number was due to a
decrease in pod formation and an increase in pod
abortion (Fang et al., 2009; Ghassemi-Golezani
et al., 2012). Withholding water applications at
pod filling stage can decrease grain filling
duration (Ghassemi-Golezani et al., 2009) and
photosynthate mobilization to grains, thereby
decreasing grain weight (Sadeghipour, 2008).

Decreasing seed yield per plant due to water
deficit was attributed to reductions in pod
number per plant, dry biomass and 100 seed
weight. These results confirm previous field
studies with chickpea where by water deficit
reduces biological and grain yields (Ghassemi-
Golezani et al., 2009; Bahavar et al., 2009; Niari-
Khamssi et al., 2010).

In the main effects of variety, Habru was the
highest seed yielding compared to Mastewal
(Table 2). Although Mastewal produced more
number of seed per plant, its seed size was very
small compared to Habru variety, which has
heavier seeds. Due to this reason, Habru gave the
highest seed yield per plant (8.94 g) (Table 2).

In the interaction effects of water stress and
variety, the highest seed yield per plant was
obtained from Mastewal variety with optimum
watering though the differences was not
significant with Habru variety under optimum
watering. The lowest seed yield per plant was
obtained from Mastewal variety with seed filling
water stress (Fig. 2). This is in line with Shaban et
al. (2012) who reported performance variation
between genotypes when exposed to different
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Fig. 2. The interaction effects of water stress and variety on seed yield per plant and hundred seed
weight in gram. a = seed yield per plant and b = hundred seed weight.

Hundred seed weight was significantly affected by
the main effects of water stress. It was reduced
due to seed filling water stress and vegetative
water stress by 40% and 17%, respectively
compared to optimum watering (Table 2). This is
in agreement with Singh and Kuhad (2005) who
reported that water stress resulted in significant
reduction of test weight (100-seed weight) of
chickpea. Decrease in hundred seed weight under
stress conditions might be due to lower
photosynthetic translocation in the developing
grain. However, the weight was least affected
when stress was applied at the vegetative stage.

Similarly, hundred seed weight in chickpea was
significantly different due to main effects of
variety. The highest value of hundred seed weight
was obtained from Habru variety (18.11g)
compared to Mastewal (14.89 g) (Table 2). This is
in line with Sheleme et al., (2013) who reported
that Habru is higher in seed yield than Mastewal
variety.

Interaction effects of water stress and variety
significantly (p<o0.05) affected hundred seed
weight. Habru variety with optimum watering
gave the highest hundred seed weight, while
Mastewal variety with seed filling water stress
gave the lowest hundred seed weight (Fig. 2).

The result of analysis of variance for number of
seeds per pod showed significant on main effects
of water stress, variety and fertilizer formulation.
Number of seeds per pod was significantly
highest with optimum water application than
with both vegetative and seed filling stress
conditions (Table 2). In line with this,
Mansourifar et al. (2011) showed that moderate
water stress significantly reduced number of
seeds per pod compared to no water stress. The
reduction in number of grains per pod under
drought stress treatments might be attributed to

the limitation of dry matter partitioning to the
reproductive sink or even grain formation factors
as reported by Turk and Hall (1980). However,
Kazem et al. (2013) reported that environmental
factors had little effect on grains per pod and it is
mainly influenced by genotype.

Similarly, analysis of variance revealed that
number of seeds per plant was significantly
(p<0.05) affected by variety. Mastewal variety
produced significantly greater number of seeds
per pod than Habru (Table 2). Mar (2011) also
reported that PCHL o04-5 (Desi) showed the
highest number of seeds per pod (2) followed by
ICCV 03111 (Desi) and Yezin 4 (Desi), while the
lowest value (1.0) was recorded in PCHL 04-32
(Kabuli). Significant variability in seeds per pod
in chickpea is also observed by Ahmad et al.
(2003).

The result of analysis of variance for harvesting
index showed significant variation due to main
effects of water stress. The highest value of
harvest index was obtained from seed filling
stress, while significantly lowest value was
recorded with vegetative stress (Table 2).
Contrary to this, Mansourifar et al. (2011)
reported that no water stress has the highest
harvest index and severe water stress has the
lowest harvest index. The reduction of harvest
index with seed filling water stress could be
attributed to the loss of leaves following severe
senescence following the water stress.

Analysis of variance revealed that harvest index
was significantly (p<0.05) affected by varieties.
The higher harvest index (35.8%) belonged to
Mastewal compared to Habru (32.6%) (Table 2).
Similar results were reported by Mansur et al.
(2010) and Arya and Khuswaha (2000) in
chickpea.
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Significant (p<0.05) difference was observed due
to the interaction effects of water stress and
variety on harvest index. Highest value of harvest
index (0.37) was found from Mastewal variety
with optimum watering and seed filling stage
water stress. Minimum value of harvest index
(0.31) was obtained from Habru under optimum
watering (Table 2).

Drought intensity index

Drought intensity index was calculated to
quantify the severity of drought stress at both
vegetative and seed filling stages. Accordingly, the
higher value of DII was obtained from pots
exposed to water stress at seed filling growth
stage (0.32) compared to vegetative water stress
(0.22). Minimum value of DII at vegetative stage
might be due to availability of more time to make
further adjustment in its vegetative growth as
well as yield and yield components (Walelign and
Skjelvag, 2006). However, water stress during
seed filling stage caused relatively higher value of
DII since drought stress at this stage causes
abortion of flowers and ovules, senescence of
flowers and pods, which all have direct relations
with yield. According to Fischer and Maurer
(1978), DII =0.7, 0.2-0.5, <0.2 indicated severe,
moderate and no stress, respectively. Thus, both
vegetative and seed filling water stress level were
moderate according to the drought intensity
index.

Drought resistance index

Under vegetative water stress, high DRI value
was recorded from Habru (0.93) indicating that
they are drought tolerant compared to Mastewal
(0.75) variety. Drought stress applied at seed
filling stage resulted in high DRI values of Habru
(0.66) compared to Mastewal (0.59). Generally,
both varieties tolerate water stress exposed at
vegetative stage. Accordingly, Habru variety was
more resistant to both stress conditions. This was
not consistent with the previous observations
made regarding performance of the varieties
(Sheleme et al., 2013). It indicated that the Desi
variety Mastewal performed better under
moisture limiting environments compared to the
Kabuli Habru. The differences between the
findings may be attributed to the variation
involved with the nature of the experiments,
which was a field experiment in Sheleme et al.
(2013).

The results of present study revealed that the
main effects of water stress influenced all tested
parameters of chickpea. Except harvest index and
drought intensity index, which had highest value
with seed filling water stress, all growth, yield and
yield attributed parameters of chickpea improved
due to optimum water application.

Similarly, variety had significant effect (p<0.05)
on all parameters of chickpea except number of
nodules per plant and nodule dry weight. Days to
flowering, days to pod maturity, number of pods
per plant, harvest index and number of seeds per
plant were higher with Mastewal variety, while
plant height, number of primary and secondary
branches, dry biomass, seed yield per plant,
hundred seed weight, root dry weight and
drought intensity index were higher with Habru
variety.
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